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(54) [ Title of the Invention J Method and Apparatus for Assay of Enzymatic 

Activity 

(57) [Abstract] 

[ Object ] To allow the activity of an enzyme bonded to a biological substance or the 
like in a minute amount of sample to be measured accurately without being affected by 
air bubbles or the meniscus. 

[ Structure ] Ajgference substance is a dmixed into ajsam ple, the fluorescence intensity 
of a substance, which ^ri^ Yi' tth tV "» m otion of an enzyme is assayed , the fluo rescence 
inte nsity of the reference substance on which the enzyme does not act is assa yed, and the 
amount of biological substance in the sample is quantified from these two-fluorescence 
intensities. 



[ Claims ] 

[ Claim 1 ] A method for assaying enzymatic activity, characterized by comprising: 

directing excitation light at a sample including an enzyme, a substrate which 
forms a product through the ac tion of the enzy me, and a reference substance which is not 
ac ted on by said e nTyrppy 

determining a first_measured value for fluorescence intensity at a wavelength 
which includes at least the fluorescent light from said product out of all the fluorescent 
light emitted from said sample as a result of this excitation; 

determining a s econd measured value for fluorescence intensit y at a wavelength 
which includes at least the fluorescent light from said r eference substance and is different 
from the wavelength at which said first measured value was determined; and 

determining the activity of said enzyme on the basis of the jgtio of the first 
measured value to the second measured value . 

[ Claim 2 ] A method for assaying enzymatic activity as defined in Claim 1 , 
characterized in that the substrate and the product are both fluorescent substances. 

[ Claim 3 ] A method for assaying enzymatic activity as defined in Claim 1 or 2, 
characterized in that the excitation light is set so as to include a wavelength region in 
which both the reference substance and at least one of the substrate or the product can be 
excited, the first measured value is measured in the wavelength region of the fluorescent 
light emitted from the substrate or the product or both, and the second measured value is 
measured in the wavelength region which substantially does not include the fluorescent 
light emitted from the substrate and the product and which almost completely comprises 
the fluorescent light emitted from the reference substance* 

[ Claim 4 ] A method for assaying enzymatic activity as defined in any of Claims 1 to 

3, characterized in that the enzyme activity is determined on the basis of the rate change 
over time in the quotient obtained by dividing the first measured value by the second 
measured value. 

[ Claim 5 ] A method for assaying enzymatic activity as defined in any of Claims 1 to 

4, characterized in that the enzyme is the object of measurement in enzyme labeled 
immunoassay. 

[ Claim 6 ] A method for assaying enzymatic activity as defined in any of Claims 1 to 
4, characterized in that the enzyme is the object of measurement in enzyme labeled DNA 
hybridization. 

[ Claim 7 ] An apparatus for assaying enzymatic activity, characterized by 
comprising: 

l ight projecting means for directing excitation light at a sample including a 
fluorescent substance which increases or decreases through the action of an enzyme, and 
a reference substance which emits fluorescence and is not acted on by the enzyme; 
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f irst photosensor means for measuring fluorescence intensity by extracting out of 
the entire fluorescence emitted by the sample that wavelength component at which a first 
measured value originating from said fluorescent substance is determined; 

seco nd photosensor means for measuring fluorescence intensity by extracting out 
of the entire fluorescence emitted by the sample that wavelength component at which a 
second measured value originating from said reference substance is determined; and 

c omputing means for computing the enzymatic activity from input of the 
measured values measured by the first photosensor means and the second photosensor 
means. 

[ Claim 8 ] An apparatus for assaying enzymatic activity as defined in Claim 7, 
characterized by the overlapping provision of an optical path for dir ecting the excitation 
light from the light projecting means at an open-at-the-t o p vessel filled with the sample , 
and an optical path for the fluorescent light which is emitted from the sample inside th is 
vessel an d is i ncident on the photosensor means, so that light goes in and out of the ope n 
to ^of said vessel. . 

[ Claim 9 ] An apparatus for assaying enzymatic activity as defined in Claim 7 or 8, 
characterized in that the computing means has a division circuit for dividing the first 
measured value by the second measured value. 

[Detailed Description of the Invention] 

[0001 ] 

[Field of Industrial Utilization] 

The present invention relates to a method and an apparatus for assaying the 
activity of an enzyme used as an assay label for immune reactions and the like, through 
the detection of the fluorescence intensity of a substance having been acted upon by the 
enzyme. 

[ 0002 ] 

[Background of the Invention and Prior Art] 

Conventionally known methods for assaying a minute quantity of a biological 
substance include enzyme labeled immunoassay and enzyme labeled DNA hybridization 
in which an enzyme is used as a label. 

[ 0003 ] These methods are based on a principle that the presence or amount of a 

biological substance is determined by assaying the activity of an enzyme linked directly 
or indirectly to an immune complex or the like formed through an immune reaction or the 
like, through the detection of a change in the substrate. Known examples of such 
methods include measurement of the change in the light absorption coefficient of a 
sample that has been subjected to the action of enzymatic activity, measurement of the 
change in the fluorescence intensity of a sample that has been subjected to the action of 
enzymatic activity, and measurement of the change in light emission intensity of a sample 
that has been subjected to the action of enzymatic activity. Among these methods, the 
last two methods involving the assay of enzyme activity by utilizing fluorescence or light 
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emission are advantageous in that a higher sensitivity is achievable in a shorter time than 
with the method which utilizes light absorption for enzymatic activity assay. The 
fluorescence method is known to be highly sensitive for assaying enzymatic activity. 

[ 0004 ] Several methods have been proposed for quantitative determination of 

biological substances and the like on the basis of change in the fluorescence intensity of a 
sample. Examples are a method in which the measurement is conducted at a specific 
point in time after the initiation of an enzymatic reaction and the enzymatic activity is 
derived from the measured value (called a one-point method); a method in which the 
measurement is conducted at two points in time during the progress of a series of 
enzymatic reactions and the enzymatic activity is derived from the difference in the 
measured values (called a two-point method); and a method in which the measurement is 
condu cted more or less continuously as the enzymatic reac tion proceed s and the 
enzymatic activity is derived from the rate change in the continuously measured values 
(called a rate method). 

[ 0005 ] In recent years the relevance and evaluation of quantitative determination 

of a minute quantity of a substance have been steadily given more attention, particularly 
in fields such as clinical diagnosis. Consequently, high precision and high sensitivity 
have been increasingly required in the determination of a minute quantity of a biological 
sample. To meet this requirement, proposals have been made regarding a system which 
is free from contamination among a plurality of samples, a detector suitable for 
continuous measurement of a plurality of specimens at a high detection sensitivity, and so 
forth. 

[ 0006 ] 

[Problems Which the Invention is Intended to Solve] 

It has been indicated that conventional methods and apparatus which have been 
proposed or put into practice for the quantitative determination of biological substances 
and the like with high sensitivity and high precision are limited in terms of raising 
measurement accuracy over a certain level because the effect of air bubbles present in the 
s ample, the meniscus of the sample liquid, and or forth cannot be ig nored. One reason 
the effect of these factors imposes limitations is that samples of biological substances and 
the like to be measured are only available in a minute amount in most cases. It is often 
the case that the above-mentioned effects cannot be ignored for the very reason that the 
amount is so small. 

[ 0007 ] For example, the presence of bubbles in the sample liquid gives a larger 

measurement value for fluorescence than when no bubbles are present, so disappearance 
of the bubbles during the measurement will give a lower value in a rate method, for 
example, than the actual value. On the other hand, when a substrate which is to undergo 
reaction with a label enzyme is injected into a reaction vessel, the substrate dispensing 
should be conducted as quickly as possible in order to treat quickly a large number of 
samples, and furthermore, any adhesion of liquid drops to the tip of the nozzle needs to be 
avoided at the completion of dispensing of the sample liquid in order to obtain higher 
accuracy of the aliquots. However, the dispensed liquid is more prone to foaming if the 
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liquid discharge rate is raised to satisfy the above requirements. In enzyme labeled 
immunoassay, an immune reaction complex and a non-reactant are generally separated 
from each other (B/F separation) before the substrate is dispensed, but more bubbles tend 
to be formed if the concentration of the surfactant usually contained in the washing 
solution is raised. 

[ 0008 ] In view of this, a new approach is needed that will overcome these 

problems in principle and make more accurate measurement possible. 

[ 0009 ] Apart from the above problems, there is a need for higher sensitivity in 

fluorescence measurement. For example, in immunoassay of TSH (thyroid-stimulating 
hormone), the lower detection limit has conventionally been at a level of about 
0.1 jalU/ml, but more recently a lower detection limit of 0.01 |iIU/ml has come to be 
required for the diagnosis of disease states in which an abnormally low TSH value is 
exhibited. Therefore, a higher detection sensitivity is needed along with a reduction in 
the nonspecific reaction of the labeled enzyme. For detection sensitivity to be improved, 
actual changes in the measured value have to be distinguished from variation caused by 
external disturbance or the like. 

[0010] The inventors arrived at the present invention as a result of conducting 

research from this standpoint. An object of the present invention is to provide a method 
and apparatus for measurement in enzyme labeled immunoassay and enzyme labeled 
DNA hybridization, which are less affected by obstacles to improved measurement 
accuracy, such as the effect of the presence of bubbles in the sample, the effect of the 
meniscus, the effect that accompanies the filling of the reaction vessel with magnetic 
particles and moving these with a vibrating magnetic field for the purpose of sample 
agitation, changes over time in the light source, and so forth, and with which highly 
accurate and highly sensitive assaying can be performed with less error. 

[ 001 1 ] Another object of the present invention is to provide a method and 

apparatus with which the relative position of the reaction vessel to the light source is 
always stable and does not affect the measurement results even if there is a certain 
amount of variation in the quantity of light projected at the vessel, thus affording highly 
accurate measurement. 

[ 0012 ] Yet another object of the present invention is to provide a novel method 

and apparatus which, when the measurement is conducted by enzyme labeled 
immunoassay or enzyme labeled DNA hybridization, are advantageous in terms of the 
automation and the structural simplification of the substrate dispensing means, the sample 
agitation means, and other such components that in the past imposed a large burden on 
the apparatus structure for the purpose of reducing measurement errors, and with which 
high-accuracy measurement can be sustained. 

[0013 ] 
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[Means Used to Solve the Above-Mentioned Problems and Operation of the 
Invention] 

In order to achieve the stated object, the inventors perfected the enzymatic activity 
assay method of the present invention, characterized by comprising the steps of directing 
excitation light at a sample including an enzyme, a substrate which forms a product 
through the action of the enzyme, and a reference substance which is not acted on by the 
above-mentioned enzyme, determining a first measured value for fluorescence intensity at 
a wavelength which includes at least the fluorescent light from the above-mentioned 
product out of all the fluorescent light emitted from the above-mentioned sample as a 
result of this excitation, determining a second measured value for fluorescence intensity 
at a wavelength which includes at least the fluorescent light from the above-mentioned 
reference substance and is different from the wavelength at which the above-mentioned 
first measured value was determined, and determining the activity of the above- 
mentioned enzyme on the basis of the ratio of the first measured value to the second 
measured value. 

[ 0014 ] The enzymatic activity can be assayed on the basis of the rate change over 

time in the quotient obtained by dividing a first measured value in a first wavelength 
region by the above-mentioned second measured value, using a calibration curve 
prepared in advance by the use of a known sample, for example. A method in which the 
rate change in the fluorescence intensity over time is determined by the above-mentioned 
two-point method, or a method in which the measurement is conducted more or less 
continuously as the enzymatic reaction proceeds and the enzymatic activity is derived 
from the rate change in the continuously measured values (a rate method), is 
recommended as a particularly favorable method, but other methods are also possible. 

[ 001 5 ] The features of the method of the present invention will now be described. 

It is assumed here that the above-mentioned substrate, the product formed through 
enzymatic action, and the reference substance are all fluorescent substances. If we 
consider the fluorescent light emitted from the various substances when excitation light is 
directed at these substances, we find that the intensity of the fluorescence is proportional 
to the concentration of each fluorescent substance, and external disturbance such as 
bubbles affects all of the measured data. Therefore, the first measured value (FI 1) 
obtained at the above specified wavelength and the second measured value (FI 2) 
obtained at a different wavelength are respectively expressed by the equations below. 

[0016] 

(FI 1) = p x (kl x [substrate] + k2 x [product] + k3 x [reference substance]) 

(FI 2) = p x (k4 [substrate] + k5 x [product] +. k6 x [reference substance]) 

(Where p is a coefficient of the fluorescence variation affecting the entire sample 
and resulting from bubbles and the like; the terms in brackets are the concentrations of 
the respective substances; and kl to k6 are respectively the proportion coefficients 
corresponding to the respective wavelengths of the various substances, where kl/k4 = 
k2/k5 - k3/k6 * 0.) 
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Therefore, the ratio of (FI 1) to (FI 2) in the present invention is shown by 
Formula (1) below. This formula is transformed to Formula (2) to represent the substrate 
concentration as a function of the product concentration. Thus the concentration of the 
product can be obtained from the reference substance concentration and the proportion 
coefficients kl to k6 according to Formula (2). 

[0017] 

[ Mathematical Formula 1 ] 

FI 1 = kl x [substrate] + k2 x [product] + k3 x [reference substance] 

: ...(1) 

FI 2 = k4 x [substrate] + k5 x [product] + k6 x [reference substance] 

(kl x ([substrate] 0 - [product]) + k2 x [product] + k3 x [reference substance]) x FI 2 = 

(k4 x ([substrate] 0 - [product]) + k5 x [product] + k6 x [reference substance]) x FI 1 
•-.(2) 

(Where [substrate] 0 is the known initial concentration of the substrate added to the 
reaction vessel.) 

[ 001 8 ] Determining the ratio of the two measured values using Formula (1) or (2) 

reveals that the effect of fluorescent light variation is removed from the value indicating 
enzymatic activity. 

[ 001 9 ] The above formulas describe in general terms a case in which the 

substrate, the product, and the reference substance all emit fluorescence when irradiated 
with excitation light, but other cases, where k 1=0 or kl=k4=k5=0, are also possible by 
selecting the wavelength for obtaining the first measured value, selecting the wavelength 
for obtaining the second measured value, and so on (in addition to a case where the 
coefficient or coefficients are completely zero, a case in which they are can be 
substantially considered as being zero is also possible). The object of the method of the 
present invention can be achieved by making it essential that the fluorescence intensity of 
the product be found from one measured value (eg, the first measured value), and that the 
fluorescence intensity of the reference substance be found from the other measured value 
(eg, the second measured value). 

[ 0020 ] The wavelength of the excitation light in the method of the present 

invention is selected so as to include a wavelength region in which excite at least one of 
the substrate and the product as well as the reference substance can be excited. 

[ 002 1 ] The fluorescence wavelength that is measured in order to determine the 

first measured value out of all the fluorescent light emitted from the sample (hereinafter 
referred to as the "first fluprescence wavelength") is selected from a range including the 
wavelength region of the fluorescent light emitted from the substrate or the product, and 
the fluorescence wavelength that is measured in order to determine the second measured 
value (hereinafter referred to as the "second fluorescence wavelength") is selected from a 
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range including the wavelength region of the fluorescent light emitted from the reference 
substance. The term "wavelength" here encompasses the specified wavelength region. 

[ 0022 ] The wavelength of the excitation light and the first fluorescence 

wavelength are selected such that the change in the fluorescence characteristics caused by 
the change of the substrate into the product is reflected by the measured fluorescence 
intensity. 

[ 0023 ] The enzyme may be a free enzyme of natural origin, or may be an enzyme 

linked to a free antigen, antibody, or DNA, or may be an enzyme bonded indirectly to the 
inner wall of a small container or the surface of a sheet as a result of enzyme labeled 
immunoassay or enzyme labeled DNA hybridization. 

[ 0024 ] Examples of labeled enzymes for use in enzyme labeled immunoassay and 

enzyme labeled DNA hybridization include alkaline phosphatase, P-galactosidase, and 
the like. An example of a substrate which changes its fluorescence intensity by the action 
of an alkaline phosphatase is 4-methylumbelliferyl phosphate. This substrate is 
converted to 4-methylumbelliferone by the action of the above enzyme. An example of a 
substrate which changes its fluorescence intensity by the action of p-galactosidase is 
4-methylumbelliferyl galactoside. This substrate is converted to 4-methylumbelliferone 
by the action of the above enzyme. If, for example, the above-mentioned product 
(4-methylumbelliferone) is irradiated with excitation light having a wavelength of 365 
nm (see Figure 4b) under alkaline conditions (pH 10), the 4-methylumbelliferone emits 
fluorescence having maximum intensity at about 450 nm (see Figure 4a), while the 
fluorescence emitted by 4-methylumbelliferyl phosphate or 4-methylumbelliferyl 
galactoside is negligible. Accordingly, the intensity of fluorescence emitted by the 
product can be measured by irradiating a sample with excitation light of 365 nm, and 
extracting the fluorescence at a wavelength around 450 nm from the entire fluorescence 
emitted by the sample. 

[ 0025 ] The reference substance, which is added as a characteristic structural 

component of the present invention to a sample including the substrate and the product as 
mentioned above, is selected from among substances which emit fluorescent light in a 
fluorescence spectrum pattern that is different from the pattern of change in the 
fluorescence spectrum which is changed by enzymatic action after irradiation with 
excitation light. 

[ 0026 ] In the case of the 4-methylumbelliferone given above as a typical example, 

the reference substance should be selected from among substances which emit 
fluorescence with a wavelength of 500 nm or more, for example, on being irradiated with 
excitation light of 365 nm. Examples of such substance that can be used as this reference 
substances are shown below by Chemical Formulas 1 and 2. 

[0027] 
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[ Chemical Formula 1 ] 

(Structural formula) (Ex 8 " 1 ) (Em"*) 



I) Dansyl compounds: 

(such as) Dansylsulfonic acid 




S0 3 H 

jS C H3 

Dansyl chloride ™>s* q jj 




SO3C £ 



Dansylamino acid ^/ ^ 325 

(such as) Dansyl-L-alanine . "^CHi 




nm run 



325 550 



325 550 



S0 2 NH-CH-CH 3 
COOH 



550 



Dansylhydrazine 




340 525 



S0 2 NH-NH 2 
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[ 0028 ] 

[ Chemical Formula 2 ] 



(Structural formula) (Ex™ 8 *) (Em""*) 

nm nm 



2) 4-Dimethylamino-l-naphthoylnitrile 




350 530 



COCN 



3) N-(l-anilitonaphthyl)-4-rhaleimide 




350 530 



4) 7-BenzyIamino-4-nitrobenz-2-oxa-13-diazole (R = H) 

7-(p-Methoxybenzylamino)-4-nitrobenz-2-oxa-l,3-diazole (R = 
OCH3) 



°z n ^O^ nh " cHz "0" r 340 



530 

or 458 



[ 0029 ] The above substances do not have their excitation spectrum maximums at 

365 nm, but the dansyl-L-alanine given above as an example has some width to its 
excitation spectrum as shown in Figure 5a, so irradiation with excitation light of 365 nm 
causes the emission of fluorescence having a maximum at about 550 nm (see Figure 5b). 
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[ 0030 ] In a case where 4-methylumbelliferone is used as the product of the 

enzymatic reaction and dansyl-L-alanine is used as the reference substance, the 
fluorescence spectra of the both substances partly overlap with each other (see Figures 4b 
and 5b). Consequently, if light with a wavelength of about 450 run is extracted as the 
first fluorescence wavelength, the light will also include a slight portion of the 
fluorescence from the reference substance. However, this does not affect the rate change 
over time of the ratio of the first measured value obtained at the first fluorescence 
wavelength to the second measured value obtained at the above-mentioned wavelength of 
500 nm or more, which is the characteristic of the present invention. 

[ 003 1 ] In the above case, the second measured value obtained at the second 

fluorescence wavelength includes a portion of the fluorescence of 4-methlumbelliferone, 
but the effect of the present invention can be suitably realized by selecting the second 
fluorescence wavelength and the concentration of the reference substance such that the 
influence of the 4-methylumbelliferone is not large. As a specific example, in the 
implementation of the above example, the concentration of the reference substance to be 
incorporated in the sample is preferably selected from within a range that will give 
sufficient fluorescence intensity at the second fluorescence wavelength and will not cause 
excessively large absorption of the excitation light by the reference substance. The 
absorption ratio generally should not be more than 50%. In a case where the fluorescence 
spectrum of the substrate or the product overlaps with the excitation spectrum of the 
reference substance, the fluorescence emitted by the substrate or the product is re- 
absorbed by the reference substance, so the concentration of the reference substance is 
preferably selected from within a range such that the proportional re-absorption is not 
excessively large. In general, the proportional re-absorption should not be more than 
50%. 

[ 0032 ] There are no particular restrictions on the sample which serves as the 

object of assay in the method of the present invention as long as it can be used in enzyme 
labeled immunoassay or enzyme labeled DNA hybridization. In most cases, the sample 
is put into a small container in the shape of a cup before being supplied to the assay 
apparatus. 

[ 0033 ] The enzymatic activity assay apparatus of the present invention is 

characterized by a structure comprising light projecting mean?? for directing excitation 
light at a sample including a fluorescent substance which increases or decreases through 
the action of an enzyme, and a reference substance which emits fluorescence and is not 
acted on by the enzyme, first photosensor means for measuring fluorescence intensity by 
extracting out of the entire fluorescence emitted by the sample that wavelength 
component at which a first measured value originating from the above-mentioned 
fluorescent substance is determined, second photosensor means for measuring 
fluorescence intensity by extracting out of the entire fluorescence emitted by the sample 
that wavelength component at which a second measured value originating from the 
above-mentioned reference substance is determined, and computing means for computing 
the enzymatic activity from input of the measured values measured by the first 
photosensor means and the second photosensor means. 
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[ 0034 ] The above-mentioned Ught projecting mean s for directing excitation light 

is generally an optical system consisting of a suitable combination of a light source, a 
lens, a filter, a mirror, a condenser lens, and so on. The light source is preferably a 
flasher typ e. The reason for this is that it permits the influence of external disturbing 
light and the like to be eliminated from the signal obtained from the photosensor by 
synchronous wave detection at the light-receiving side, so that just the fluorescence 
component originating in the sample is extracted, which results in more reliable 
measurement of fluorescence intensity. A mechanical chopper may be used as the 
flashing light source, but a discharge lamp or a fluorescent lamp which flashes at a 
frequency ranging from several dozen hertz to several hundred hertz is advantageous in 
terms of the durability over the course of extended continuous operation. The power 
supply may be an AC or pulse power supply with the above-mentioned frequency, or a 
high frequency AC power supply of several kilohertz to several dozen kilohertz which is 
switched on and off at the above frequency. 

[ 003 5 ] The photosensor means of the enzymatic activity assay apparatus of the 

present invention consists of first and second photosens or mpanp, with each of the 
photosensor means consisting of a combination of a light-receiving optical system 
including a mirror, a condenser lens, a filter, a photosensor such as a photodiode or a 
photomultiplier, and so on, and electrical circuit elements such as an amplifier. If a light 
source flashing means is employed as described above, a wave detector which 
synchronously detects electrical signals from a photosensor by utilizing clock signals for 
flashing the light source (such as a fluorescence lamp) can also be used along with the 
other components. 

[ 0036 ] The enzymatic activity assay apparatus of the present invention may be of 

a configuration in which the fluorescent light emitted from the sample is detected in a 
direction opposite to the projection of the excitation light to the sample, or may be of a 
configuration in which the direction of the fluorescence detection is perpendicular to the 
projection of the excitation light. For efficient continuous assay of enzymatic activity of 
a large number of samples, however, it is preferable to employ a t op-top configurationJ rL 
which_the optical path of the light receiving system is supe rposed'over the optical path of 
the light-p rojection system. In an example, a dichroic mirror or the like is placed in the 
optical path of the light projecting system to reflect the light from the light source 
downward, and the fluorescence emitted upward from the sample is divided into a 
component of the first fluorescence wavelength and a component of the secon d 
fluorescence wavelength by a filter, a half-mirror, a dichroic mirror, or the like placed in 
th e optical path of the light receiving system, soj that the respective light components are 
each detected by a separate photosensor. The use of a dichroic mirror is particularly 
advantageous in that excitation light and fluorescence can be utilized more effectively 
with reduced loss by selecting the characteristics of the dichroic mirror so as to match the 
wavelengths of the excitation light and the fluorescence. 

[0037 ] T he light source, the photosensor, the filter, and so on are placed in 

suitable positi ons in accordance with the characteristics of the dichroic mirror or the li ke 
beingemployed" 
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[ 0038 ] Figures 6a to 6c are schematics of the structure of the optical system of the 

top-top configuration mentioned above. The light from a light source 501 is directed 
through a half-mirror 507 or a dichroic mirror 508 at a sample 1 in a sample container 2. 
Fluorescence emitted by the sample is introduced through filters 505 and 506 to 
photosensors 503 and 504. In Figures 6b and 6c, the symbol numbers correspond 
respectively to the ones in Figure 6a except that the numeral 10 or 20 is added thereto, 
respectively. 

[ 0039 ] In the division processing done by the computing device in the present 

invention, an electrical signal obtained with a first light receiving system and an electrical 
signal obtained with a second light receiving system may be processed in an analog 
manner, or the above electrical signals may first be converted by an A/D converter into 
digital signals and then processed by a digital computing circuit such as a digital 
computer. 

[ 0040 ] Figure 7 is a schematic of a signal processing system of an assay apparatus 

structured as above. Figure 7a illustrates an example employing a light source 70 
continuously lighted by a DC power supply 80. Figure 7(b) illustrates another example 
employing a light source 70 flashed by a pulse power supply 81. The light introduced to 
photosensors 63 and 64 is amplified as electrical signals 71 and 72 by amplifiers 73 and 
74, converted to digital signals by A/D converters 75 and 76, and then processed by a 
digital computing circuit 77 such as a computer to calculate, for example, the change rate 
as a function of time and to perform division. 

[ 0041 ] In Figure 7b, 82 is a clock-generating circuit that is used to synchronize 

the pulse power supply 81 with the synchronous wave detecting circuits 83 and 84 of the 
light receiving system. 

[ 0042 ] Naturally, the electrical signals 71 and 72 may be inputted to an analog 

division circuit, the output thereof being converted into digital signals by an A/D 
converter and processed by a digital computing circuit such as a computer to calculate the 
above change rate as a function of time. 

[ 0043 ] 

[Working Examples] 

The present invention will now be described in further detail through reference to 
the working examples shown in the figures. 

[ 0044 1 

Working Example 1 

Figure 3 illustrates an example of the apparatus used for assay in the method of 
the present invention (whose structure comprises a top-top type of optical system). In the 
figure, 2 is a cup-shaped sample container (top end diameter: 10 mm, volume: 1 mL) that 
holds a small amount (a few microliters) of a sample liquid 1, and moves to the assay 
position for fluorescent light detection after going through substrate packing and enzyme 
reaction (not depicted). Figure 3 illustrates a state in which the sample container 1 has 
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been moved to the assay position. The product formed from the substrate in this example 
was a product from 4-methylumbelliferyl phosphate by the action of alkaline 
phosphatase, the product being 4-methylumbelliferone having the fluorescence 
characteristics shown in Figures 4a and 4b, and the reference substance was dansyl-L- 
alanine having the fluorescence characteristics shown in Figures 5a and 5b. 

[ 0045 ] 61 is a light source that emits excitation light in the light projecting optical 

system. The light from the light source passes through a filter 62 that transmits light with 
a wavelength of 320 to 380 nm, and then the light is reflected by a half-mirror 67 to be 
directed downward as excitation light at the sample 1 in the sample container 2. 

[ 0046 ] Fluorescence caused by irradiation with the excitation light and emitted by 

the sample liquid 1 passes upward through the half-mirror 67 and is separated by the 
dichroic mirror 68 into light including the first fluorescence wavelength and light 
including the second fluorescence wavelength. This dichroic mirror 68 is designed to 
have a property such that it transmits light having wavelength of 530 nm or longer but 
reflects light having wavelength of 420 to 530 nm. 

[ 0047 ] The light of the first fluorescence wavelength separated by the above- 

mentioned dichroic mirror 68 is passed through a filter 65 which transmits light of 450 to 
5 1 0 nm, and the selected wavelength of light is received by a photosensor 63. 
Meanwhile, the light of the second fluorescence wavelength proceeds upward and is 
passed through a filter 66 which transmits light of 600 nm or longer, and the selected 
wavelength of light is received by a photosensor 64. 

[ 0048 ] The measuring apparatus structured as above was used to measure the 

fluorescence of a sample liquid which contained a biological substance labeled with 
alkaline phosphatase, 4-methylumbelliferyl phosphate as the substrate, and dansyl-L- 
alanine as the reference substance. The alkaline phosphatase was used in an appropriate 
quantity, the 4-methylumbelliferyl phosphate was at a concentration of 1 mM, and 
dansyl-L-alanine was at a concentration of 100 ng/mL. 

[ 0049 ] The time dependence of the measured value A of the first fluorescence 

wavelength and that of the measured value B of the second fluorescence wavelength 
detected as above are shown in Figure 1. Figure 2 shows the time dependence of the 
quotient obtained by dividing the first measured value at the first fluorescence 
wavelength by the second measured value at the second fluorescence wavelength (relative 
fluorescence intensity). The positions indicated by (1) to (4) in Figures 1 and 2 indicate 
the positions where there was a change in the intensity of the measured fluorescence as a 
result of the rupture or movement of bubbles formed when air was blown artificially into 
the sample liquid. 

[ 0050 ] As can be seen from a comparison of the figures, the fluorescence 

intensity changes greatly when air is blown in, but the quotient of dividing the first 
measured fluorescence by the second measured fluorescence, shown in Figure 2, is not 
affected by the air bubbles. Thus it was confirmed that the method of the present 
invention allows accurate detection of a change in the intensity of fluorescence emitted 
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by a fluorescent substance, without the results being affected should any air bubbles be 
present in the sample. 

[ 0051 ] 

Working Example 2 

The following test was conducted in order to compare the results of the 
measurement obtained by the method of the present invention with those of a 
conventional method. 

[ 0052 ] The following test was conducted using an apparatus AIA-1200 (made by 

Tosoh Corporation) having the same structure as the one employed in Working 
Example 1. Specifically, 50 \xL of alkaline phosphatase was dispensed manually from a 
pipetter into a sample container containing several magnetic particles (about 1.5 mm in 
diameter) for stirring, and 200 jiL of solution prepared in advance by adding 0.1 mg/mL 
dansyl-L-alanine (5 mg per 100 mL of the substrate solution) to a 4-methylumbelliferyl 
phosphate solution (prepared by dissolving 26 mg of 4-methylumbelliferyl phosphate in a 
100 mL aqueous solution of 4.5 g of 2-amino-2-methyl-l-propanol) was dispensed 
manually from a pipetter into the container. This container was immediately moved 
under the detector, and the fluorescence intensity was measured every 2 seconds, 
beginning several seconds after the addition of the solution and continuing for 100 
seconds at the first and the second wavelengths. The rate was determined according to 
the following calculation formula (3) by a least square method (Test Nos. 1 to 10). The 
results are shown in Table 1 . Throughout the measurement, the magnetic particles were 
moved back and forth by an oscillating magnetic field. Of the tests conducted, in Nos. 1 
and 9, air was blown into the liquid in the container just before the detection operation. 

[ 0053 ] 

(Sig(4MU) - Sig(4MU 0 )) / (ref(DLA) - ref(DLA 0 )) ... (3) 

(Where Sig(4MU) is the measured value of fluorescence intensity at the first 
wavelength (substantially the fluorescence intensity of 4-methylumbelliferone); 
Sig(4MU 0 ) is the measured value for the empty cup; ref(DLA) is a measured value of 
fluorescence intensity at the second wavelength (substantially the fluorescence intensity 
of the reference substance); and ref(DLA 0 ) is the measured value for the empty cup.) 

Tests were also conducted in the same manner as above except that the alkaline 
phosphatase was not added, and the fluorescence intensity was measured and the rate was 
calculated (Test Nos. 1 1 to 19). The results are shown in Table 2. Of the tests conducted, 
in Nos. 13 and 15, air was blown into the liquid in the container just before the detection 
operation. Agitation magnetic beads had been obtained from a commercial 
immunodiagnostic reagent (E Test "Tosoh" made by Tosoh Corporation) were used in 
this experiment. Although the beads were washed thoroughly before being used, a tiny 
amount of alkaline phosphatase was considered to remain nonspecifically bonded to the 
surface thereof 

[ 0054 ] For comparison, for the respective cases where the alkaline phosphatase 

was and was not added, the rates were calculated from the measured fluorescence 
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intensity only at the first wavelength according to a conventional method by use of the 
following Formula (4) by the least square method (Nos. 1 to 10 and Nos. 1 1 to 19). 
These results are given in Tables 1 and 2. 

[ 0055 ] 

((Sig(4MU) - Sig(4MU 0 )) / ref(UV)) x 50 ... (4) 

(Where Sig(4MU) and Sig(4MU 0 ) are defined the same as in Formula (3) above. 
The term " / ref(UV)" is for canceling the variation in the source light over time by 
dividing the measured value by the light intensity, and the term "x 50" is a coefficient 
used for convenience to facilitate the comparison of the data with the measured value of 
the present invention. 

[ 0056 ] 

Table 1 



No 


Rold (/sec) 


Rnew (/sec) 


1 


0.232 


0.256 


2 


0.267 


0.257 


3 


0.276 


0.259 


4 


0.277 


0.256 


5 


0.280 


0.256 


6 


0.270 


0.248 


7 


0.236 


0.224 


8 


0.291 


0.250 


9 


0.267 


0.253 


10 


0.285 


0.252 


Average 


0.268 


0.251 


CV 


6.9 9* 


3.8% 



In the table, Rold is the measured value obtained by a conventional method, Rnew 
is the measured value obtained by the method of the present invention, and CV is the 
coefficient of variation. 
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[0057 ] 



Table 2 



No 


Rold (/sec) 


Rnew (/sec) 


11 


0.120 x 10"' 


0.157 x 10" • 


12 


0.098 x 10" s 


0.082 x 10" s 


13 


0.733 x lO" 9 


0.315 X 10"» 


14 


0.099 x 10"' 


0.129 x 10" 8 


15 


— 1 05 x 10" 3 


0091 y |n-i 


16 


- 0.112 x 10" 8 


0.119 x lO" 8 


17 


0.131 X 10" s 


0.134 x 10" 8 


18 


0.175 X 10" ■ 


0.026 x 10" 8 


19 


- 0.289 X 10" 8 


0.038 x 10" 8 


Average 


- 0.0105 x 10" 8 


0.144 x 10 " 8 


SD 


0.0449 x 10- 3 


0.0998 x 10 a 



In the table, Rold is the measured value obtained by a conventional method, Rnew 
is the measured value obtained by the method of the present invention, and SD is the 
standard deviation. 

[ 0058 ] The results in Table 1 confirm that the method of the present invention 

gives measurement results with a smaller coefficient of variation (CV value) and higher 
accuracy than the conventional method. The results in Table 2 confirm that the method 
of the present invention gives a much smaller standard deviation (SD value) than the 
conventional method. 

[ 0059 ] To clarify the variation in the measured values when air is blown in just 

before the measurement, Figures 8A and 8B show the calculation results of the present 
invention when the above-mentioned alkaline phosphatase was added, and Figures 8a and 
8b show the calculation results of the conventional method, while Figures 8C and 8D 
show the calculation results of the present invention when the alkaline phosphatase was 
not added, and Figures 8c and 8d show the calculation results of the conventional 
method. 

[ 0060 ] It can be seen from these figures that the calculation results at the point 

when air was blown in were greatly disturbed in the conventional method (a to d), but 
that the calculation results were not affected by such disturbance with the method of the 
present invention (A to D). 
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Figures 6a to 6c each illustrate the simplified structure of an optical measurement 
system constituting an enzyme labeled immunoassay apparatus of the present invention; 

Figures 7a and 7b each illustrate signal processing in the assay method of the 
present invention; 

Figures 8a and 8b show the change in fluorescence intensity of a liquid sample 
when alkaline phosphatase is added thereto, as calculated according to a conventional 
method, and Figures 8A and 8B show the same change in fluorescence intensity, but 
calculated according to the method of the present invention; and 

Figures 9c and 9d show the change in fluorescence intensity of a liquid sample 
when alkaline phosphatase is not added thereto, as calculated according to a conventional 
method, and Figures 9C and 9D show the same change in fluorescence intensity, but 
calculated according to the method of the present invention. 

[Explanation of the Symbols] 

61 light source 

62, 65, and 66 filters 

63 and 64 photosensors 

67 half-mirror 

68 dichroic mirror 
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[0061 ] 

[Effects of the Invention] 

As described above, the method and apparatus of the present invention for 
assaying enzymatic activity are advantageous in that highly precise measurement is made 
possible with extremely little error caused by bubbles in the sample and meniscus of the 
sample in those cases where highly accurate assay of enzymatic activity is required, such 
as in enzyme labeled immunoassay and enzyme labeled DNA hybridization, etc. 

[ 0062 ] Another benefit is that the substrate dispensing means, the agitation means 

for enzymatic reaction, and other such components that in the past imposed a large 
burden on the apparatus structure in order to reduce measurement errors in automated 
measurement for enzyme labeled immunoassay and enzyme labeled DNA hybridization 
can be constructed more simply, while high measurement accuracy is retained. 

[ 0063 ] With a conventional measuring apparatus of this type, due to the problem 

of deterioration over time of the emission intensity of the lamp emitting the excitation 
light, for example, the measured fluorescence values were corrected by a sensor which 
detected the emitted light intensity of this lamp (for example, a correction in which the 
measured fluorescence value is divided by emitted light intensity). Although the 
deterioration over time of the intensity of the light emitted by the lamp can be corrected 
with such a system, variation in the light flux coming into the sample container cannot be 
eliminated because of misalignment of the sample container, which is the object of 
measurement, and the lamp. With the method of the present invention, on the other hand, 
the measurement value is derived as the ratio of two fluorescence intensities at a single 
point in time, so the intensity of the light source does not directly affect the measurement 
results, and measurement accuracy is greatly improved. 

[ 0064 ] As described above, the influence of external disturbance is eliminated 

with the present invention, which means that measurements can be made at a high degree 
of sensitivity. 

[Brief Description of the Drawings] 

Figure 1 is a graph of the time dependence of the first measured value at the first 
fluorescence wavelength region and the second measured value at the second 
fluorescence wavelength region as measured in Working Example; 

Figure 2 is a graph of the time dependence of the relative fluorescence intensity 
obtained by dividing the first measured value by the second measured value; 

Figure 3 illustrates a simplified example structure of the fluorescence detector in 
the working examples of the present invention; 

Figure 4 shows the excitation spectrum and the fluorescence spectrum of 
4-methylumbelliferone, which is produced from 4-methylumbelliferyl phosphate by the 
action of alkaline phosphatase; 

Figure 5 shows the excitation spectrum and the fluorescence spectrum of 
dansylalanine, which is the reference substance; 
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Figure 3 




Figure 4 
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Figure 5 
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Figure 7 
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Figure 8 
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Figure 9 




Time /SEC 



100 




Time /SEC 
(D) 



100 




27 



(i9)B*ai$iWT cj p) 



™ m ^ m (a) 



(11)#8*_II_BH_M^ 

4§BB 5 F5-38297 

C43)4>0gB 5^(1993) 2 19 B 



(51)IntCl.° 






F I 


. ______ — — 


C 1 2Q 1/00 


z 


6807-4B 






C 1 2M 1/34 


E 


7229-4 B 






1/40 


B 


2104-4B 






C 1 2 Q 1/42 




6807-4B 






GO IN 21/64 


z 


9115-2 J 










a 




St3fcJStf>»: 9 (_ 18 K) ftl&Mtwtt < 




#IH¥3- 146301 




(71)„SIA 


000003300 










Siv -««£__ 


(22)tUBQ 


¥/S3fpa991)6m8B 




til □ »«f ffiR& ftBflfiaDl4560#J_ 








(72)4fiS^# 


♦* 3f*a_ 










i*3Ss;ii»«^m«±^ _?__»«_ i -19 








(72)^HS# 


ts#s? mm 










im«^fep«_F«BT45oi 








(72)*^# 












#£JI|»&«_rffi5rMP2398 








(74)f<aA 




(54) [^<75^«;] 









(57) [mm 

'_-?&3 J;-9(-^-5o 
lift*] S#^wf^fflT-„ 




(2) 



tfBflsps - 3 8 2 9 7 



%$As1£»ftlz s JSifi#&IH#tU 

«r * «> S w Sr «r« t -f 5 St X ffittffl 7e * jfc, 
[19**13] !»#rg i X(i2ic^^-C. Di^TtSr. & 

n-T K SW^ftA* «cfl+ £ <x 5 b' -c <fc 5 & ft in 

- O ffl * m - CO il 5e fig ~C^3S LfcfjlLCD&lByF^j&gSHfc 
[IS**I5] i 75M4<mvfix;W;:;j3V>-c, 

-5 i£ftcOj£#£& *) tH LX&yt&lgZmTEI-Z S5- 
<o '£ 3fe ffl 5£ Xffl 5t L fd fflfem Sr A *j 4: L TSfHIStt 

[Steffi 8 ] 2»*JS7{ctJV>T. ^W^^ixTl^ 



* - w ffl S fit 5r 3? - co in £ ffl -? fifc H f 5 f 'I % O SS & *T ~t 
&Z.b Sr»«t f 5»jR}gtt»JXE«II„ 

[0 0 0 I l 
[ooo 2] 

[0 0 0 3] ineojftB, ' #fe«ESJC«Hcj:9 3fei:fc 

[0 0 0 4] K»«>ie3t!SflCWW*ft34><b^fls«J 
t±?r*«)6^te (U— h *i,-Cl^ 5) /fir'A^ib 

[0005] fit, &mz&i<->xnm^mfc&m^<D 
ftmx'&mvonnfemmfenmM, wm&Km\ziK* 

ct, «itcoWffi-cco^?fe^/iv^v'^.T i A^. f^tbfS 
af*sfls < *»o^«««:«>iijttws*tf * 9 dig l ftmm 

[0 0 0 6] 



(3) 



ISM^S - 3 8 2 9 7 



-Silica — Dtt, W*t"r5^*«i«^E(0 

[0007] w^tf, m?a^#?t-t-5<J:m?a^^^^ 

m^^-t^^t^^> 0 bZ%A\ ««#*^>S/S:SrS(t 

»ffi«^>f&a:*>S:«<«i6l^>c*<*5o 
fS^* fc *S/^#5^»9t-r 5 ^h>^5 B / F »«£>»«s 

[0 0 0 8] -tw"Cwn&OB8HSrWaWJcJ£«L-C, 

[0009] *fc±ie^Bflatn9itc: x ^^tmm<Dmm 

/m l flfiC-C*)ofc^ % *ig, TSH&&#i&m&*frt 
1%1&*:&mTZ>&&ii>bO. 0 1 m I U/m 1 cOfllffiT 

[0010] **M#tt-c0J:5*«jS*»<b«St«WSr 

mm. *-x*x\z£&i&m % Ptw<Dmw<oit#>izmz. 
[00 1 i] *^*«wooteoawtt, *«tsjcs» 

[0 0 12] SirSfc*«K(7)giJ<OgWH, 



[0013] 

Z(Dmm<n 

[0014] #*St4Sr*a<)5t-tt, 0Jx.tf»— <£>Kfi 

t 5„ r. zx&ft&m<Di%mtz#-tz> mtm&. 

[0 0 15] *«W^j£(75«F«tt, SSfc*^J:.OiCjft0j1$ 
U *fcfa*<O^SL^|B*tt^**c:«ton5^e>, -hid 

<Dffij£<D&&xmi£&irizm-'<?>mj£i& (fid c 

ixfctt»46ittft^Mff*tL5±iE«-Ojai^(|t (FI 
2) t tt** TE*-C*t)* n5 ^ t Iu»i5 0 
[0016] (FID =px (k ix + k 2 x 

+ k 3 x ) 

(FI2) =pX (k4X [If] + k5X 4- 
k 6 X [£2»««] ) 

k 1 -k 6tt*4rO*W<0-t(OttftflB«^»fc5itWI« 
fe^^L, k l/k"4 = k 2/k 5 = k 3/k 6 *= 0-? 

.fc^o ) 

ics&^ftnn *j**»«ttTsaa; (2) \z£t)& 



(4) 



- 3 8 2 9 7 



W*ff«S£JtW«»k 1-k 6frt>mz>zt&X~£ [0 0 17] 

fii _ kix [gg] -k2x [^ffl ^k3x imman 

FI2 k4x [36Jf] +k5x + k6x [StpM] ( ° 

(kix (C5JJ].- +k2x [£/&«JJ +k3x [Hp«X]) x FI2 

= (k4x ([If] 0 - [£fiMM) +k5x +k6x \Mmmm) xFIl 

- (2) 



[ooi8] -cost (l) fcsi^te (2) Srffl^tlo 
[0 0 19] /i*5.hiE^*tt, Wtl^ftt^lS, 

coiltR^t^J; 9 N kHO^ kl=k4 = k5-0i: 

ffly ^fa ( #i * am- <n m fern s- *5 ^ t £/&«9 * » & ^ 
[0020] *«w^*tet-*3*t«jaje36o*fitt. s 
[0021] K^^^JSfcStsns^at^^^T*-^ 

ffliJ^ffiSr*«)4fca<>tcSJS"r41&)tjftft (KT r^-co 

[0 0 2 2 ] Jft«e3tOjfi«t*-W**«ftt4, «W^s 
[0 0 2 3l#*H »«<0^«#*«-c*o-cfcJ:^ 

[0 0 2 4 ] #*««ft«»]*jSfe^|»*«KDNA/N>f 



x.fi4 -^ifvu^^y y /uy >g?£#J^-C£<5 0 

z<Dm«&±$zmm(orEm^£ *> 4 ->*vu* >-<y ? 
v-if(D^mx^mmm^mt't^mwt urn, « 

-^/i^v^y 7xu » jcatu r^^ytt (ph 

10) (^T^ 3 6 5 n m^i6g^oie)t&^ (El 
4 (b) #BB) -fit, 4-^fy^^<!l7iD>tJ 
4 5 0 nmtti5^$:{ ) oS)t (14 (a) #flg) £ 

4 -^^vi^v-^y 7x y^uy >&?&t>*4 - 
^^vu^>--<y ^ y h*> KA»(b^®)ttt%f 

«g|-C£6 0 Ifc^ot 3 6 5 n m<7)M)t5:iMt6 
rt^KJlSl-^bJSkStStba^Jt^^*?*^, 4 5 0 nm 

[0 0 2 5] -kiE<D<fc5*»W, 

[0 0 2 6] ±3E"CfV:aW^«?nLfc4 -p<-^/U^>-< 
y -7 y^WCl^H 3 6 5 n m<^Sfij|ejfc<75fig$t$- 
^ttTCT^tf 5 0 0 n m«±00afi(0ie)t&ac*ft"5«!l 

ft I. ft'2|cOT*Ufc, 
[0 0 2 7] 
[ft 1 ] 



0 ^ v^Wk^? 



(5) #M¥5 - 3 8 2 9 7 

(WiSSO (Ex 10 ") 

nm nm 



<CH, 




S0 3 H 



J^CHj 




SO3C £ 



325 550 



325 550 



(W v^ 01 * 3 325 550 

u 




SO2NH-CH-CH3 

COOH 



■CH 3 340 525 




S0 2 NH-NH z 



[0 0 2 8] 



lit 2) 



(6) 



¥fM¥-5 - 3 8 2 9 7 



2) 4- : J*3-j],TlJ -1-1- 7K Y U )l> 




COCN 



3) N-(l-T-';y ^7^yl/)-4-7U^r = K 



(Ex™") 
nm 



nm 



350 



530 




350 



530 



4) l-s<>i>)\sTZ hn^>V-2-Ji-+-9-l,3-^T , /-;KS=H) 



0 2 N-Q-NH-CH 2 -Q- R 



340 

X(i 458 



530 



[0029] zixbnWKoffiig*^? h/\s<n&Xte3 

G 5 n mJC/i^tfS, CTX-fiilE^^ t-CT^ ^ n/c ^> > 
*-L-77-WJ, 1215 (a) o icm&*-< 

? h 'H-tl^ko"^^-?, 3 6 5 n mC9iS!)jg3fc£\ ! $ 
*M-5 :t^5 5 0 n mic^^Sr tof)tn«tJt^# 
ibix5 (El 5 (b) #Bg) Q , 
[0 0 3 0] t£t3#mBUS<n±&mb LT4-/f;^ 

(12 4 (b) &t>*m-5 (b) #88) „ -<Ofc«>, 
^-"CO^TtSESi: L T 4 5 0 n mitfi^tDStftCQTfcSr® 0 

act j^sa*, ro*5tiss-c 

iB'JSLfc®— cDpJ^fBt ±12 5 0 0 n mU-kO&m-zm 
it L I? Z CO ffl ^fjftO fcfc £ * * r t> . -t CO ft ttB# W # 

[0 0 3 I ] £fzh&(Dm&, mZ.<D1£fti8iM:^mfeL 



[0 O 3 2] **9!*teoMJ£#*£-CS3K$4tt. i 



(7) 



4#fW^5 - 3 8 2 9 7 



[oo3 3] £fc*mwcommi£tew\fei£m<o!ftmn, 

ft£*^£&gco/£»£f&>9 til LT*#ft*«r»]£-*-5 
[0 0 3 4] JrlE^^T, Sbje*SrfiH*t"f-5»3t#a 

£ffl(^"C«c 1 0 H z 1 0 0 H z (OttHT^ScSitS 

[0035] *«wf-*5ft5i»*ettai5e«ita>s*i» 

[0 0 3 6] **W^*JJt5»*gttjB3£»Btt, 

9 Hi L SrS ft *f*l iz-t 5 ^oo ^fntft o X h & ^ 
h yf- Y *s7tttz£zmi&<nt><nfc# 



^^m&^(D&»t^!t&&\z^t>^xm9i-r^ 
z t ! <z£^xm&fck3kjtt(Dri x&mt> Lftmzwmx* 

[0 0 3 7] g3fc-tr>f-, 7 a b*<Oi& 

&m<oftfeiz&t>itxmiRdtiz>a 

[0038] me(D (a) - (c) ',23c*\ Jii£Lfc h 
&®Lm&^Ltc h<DX&> *) , 3t«3t5 0 l^^w^t*-^ 

— ^5: ^— x^y-r ^p-f '7^^7-50 7, 508^ 

^LTKJ|SfS»2 1*3 UcRBSfU intaottt 
#t^nfc*7t§r^^/U^ — 5 0 5, 5 0 6 ^-iiLX^Tfe 
ir>i^5 0 3, 5 0 4tcS*5^:5 <t5(-LTV^5 0 * 
*3EI6 (b) , (c) *<DWIrn s H3 6 (a) irlUUW 

ricK*fi--tn-en 10, 20 sAoiTttutv^o 

[0 0 3 9] **W^»»«ltJC*5^rfTft9f'IJI»a 

fc m i c N rv^^^i/fi — & t£ }£ (D'T* is & /U/^^ [hJ g§ 
"CteS"t-5 X 0 K LX fc ± V\ 

[0 0 4 0] H7tt£4±oj: 5**fiK*«>ojffl^KKO 

m^r&m&%m^ft\Z^Ltch<DX<hr> , \E\7 (a) 

a:sfEa:iH8 oiz£iomititj&iT&iri%j>tM7 o ^^^^ct 
t^<9, 7 (b) tts</isxmti%8 1 {c«t 9 ^M.^jtrs 

n57feSi7 0 Wc^JSr^LTV^o S>fei?>f*6 
3, 6 4CA^Jtl^)t}j: > 1, 72tLX 

T>-7°7 3, 7 4t«(iJ^ A/D««S7 5, 7 6 

co its t »i 9 u &3i^;fT * ton « . 

[0 0 4 1] d7 (b) CQ82tt^D s/*«£[El&-e*> 
•9, ^/U^«»8 1 i:S>fe*C0lpl«BttftlHiaS8 3, 84 

[0 0 4 2] ft*3±E«Slfll *7 1, 7 2*7tD/H 
[0 0 4 3] 

ini6wii ^T^m^mm\z^-tmm&uzm^^x^ 
izimizmw-tZo 
[0044] nifcm 1 

H38, **W*ffiW«^fflV^«3fi« (h^'-h-y 
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>*^6 4(C§>t£n£ 0 
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